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Abstract: There is evidence that supplementing methionine has positive effects on uterine environment,
oocyte quality and embryo development in cattle. Thus, the objective of this study was to evaluate
reproductive traits of cows supplemented with rumen-protected methionine (RPM) during early to mid-
lactation in comparison with an untreated control group (CON). An additional focus was on the effect
of puerperal diseases on reproductive performance parameters in RPM-supplemented group MET and
in CON. A total of 1,709 multiparous Holstein-Friesian cows were enrolled in this field trial conducted
on a commercial dairy farm in Slovakia. Cows were allocated at approximately 12 days post-partum
(dpp) to either CON or MET, the latter supplemented with 25.0 g-27.2 g RPM per cow per day in-
corporated into the total mixed ration (TMR) until leaving the study pen at approximately 140 dpp.
The amount of RPM was calculated based on individual feed ingredients analysis and adjusted during
the study period when TMR changed. Cows were monitored during the post-partum period by vaginal
examination (day 5 pp), measuring of beta-hydroxybutyrate in blood (3, 5, and 8 dpp) and by vaginal
examination, uterine cytology and measuring of back fat thickness by ultrasound (all at 31 ± 3 dpp).
Compared with CON, cows supplemented with RPM did not show better reproduction performance pa-
rameters (first service submission rate, days to first service, conception risk, days open 140). Results
from binary logistic regression model for the risk of conception showed that metritis had a significant
effect, but the supplementation of methionine had not. Results of Cox regression analysis for the odds
of conception within 140 dpp revealed only metritis and clinical endometritis as significant factors. In
conclusion, supplementation of RPM had no beneficial effect on reproductive performance in this study
farm compared with an untreated control group.
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There	 is	 evidence	 that	 supplementing	methionine	 has	 positive	 effects	 on	 uterine	
environment,	 oocyte	 quality	 and	 embryo	 development	 in	 cattle.	 Thus,	 the	 objec‐
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1  | INTRODUC TION
The	 intensive	 genetic	 selection	 for	 high	milk	 yields	 in	 the	 last	
decades	has	reduced	fertility,	due	to	poor	expression	of	oestrus,	





tus	 (Groebner	et	 al.,	 2011;	Hugentobler	 et	 al.,	 2007).	 In	 lactat‐
ing	 dairy	 cows,	 methionine	 is	 the	 most	 limiting	 AA	 (National	
Research	 Council,	 2001).	 To	 prevent	 its	 degradation	 by	micro‐
organisms	in	the	rumen,	it	needs	to	be	supplemented	as	rumen‐
protected	 methionine	 (RPM).	 It	 has	 been	 demonstrated	 that	
supplementing	RPM	leads	to	a	greater	lipid	accumulation	in	the	
preimplantation	 embryo,	 which	 serves	 as	 an	 energy	 substrate	
and	 enhances	 the	 embryo's	 capacity	 for	 survival,	 when	 RPM	






onine	 concentrations	 in	 the	 follicular	 fluid	 could	 affect	 oocyte	
quality.	Furthermore,	there	is	evidence	that	supplementing	RPM	
from	21	days	prepartum	to	73	days	post‐partum	improves	uter‐
ine	 immune	 function	 by	 positive	 effects	 on	 neutrophil	 infiltra‐
tion,	 glandular	 morphology	 and	 neutrophil	 extracellular	 trap	
formation	(Stella	et	al.,	2018).	Studies	that	tested	effects	of	RPM	
on	 fertility	on	a	herd	 level,	however,	are	 rare.	Recently,	Toledo	
et	 al.	 (2017)	 found	 that	daily	 top‐dressing	of	21.2	 g	RPM	 from	
30	 to	126	days	post‐partum	can	 improve	embryo	development	
and	 reduce	 pregnancy	 losses	 in	multiparous	 cows,	 but	 did	 not	
affect	 pregnancy	 per	 artificial	 insemination.	 Although	 several	
authors	(Acosta	et	al.,	2016,	2017;	Stella	et	al.,	2018)	postulated	
positive	 effects	 of	 RPM	 on	 fertility	 supplemented	 already	 at	
the	 beginning	 of	 the	 transition	 period,	 also	 some	 publications	









analysed	 the	effect	of	puerperal	 diseases	on	 reproductive	per‐
formance	on	both	groups.






































diet,	mainly	 based	 on	 corn	 silage,	 alfalfa	 silage,	wet	 distillers	 grains	
with	 solubles,	 corn	 gluten	meal,	 corn‐cob	mix,	 rapeseed	 extraction	
meal	and	beet	pulp	silage,	was	adjusted	during	the	study	period	based	
on	 regular	 analyses	of	 the	 total	mixed	 ration	 (TMR).	The	 ingredient	
compositions	of	the	ration	at	the	beginning	and	at	the	end	of	the	study	
are	 shown	 in	Table	S1.	At	 the	beginning	of	 the	 study,	 a	 Lys‐to‐Met	
K E Y W O R D S
amino	acid,	dairy	cattle,	fertility,	methionine,	reproduction
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ratio	of	3.4:1	was	determined	in	the	basal	diet	using	the	AminoCow	
Dairy	Ration	Evaluater,	version	3.5.2	(Evonik	Industries;	http://www.
















TMR	was	 offered	 twice	 per	 day	 and	 adjusted	 daily	 to	 achieve	
refusals	 of	 5–10%.	 Dry	 matter	 intake	 (DMI)	 was	 recorded	 daily	
for	 CON	 and	 MET	 with	 a	 near‐infrared	 spectroscopy	 system	
(Dinamica	Generale)	used	by	TMR	mixer	 (Siloking,	SelfLine	System	
1,000+	3,023,	Mayer	Maschinenbau	GmbH)	and	was	21.6	±	1.5	kg	
for	CON	and	21.7	±	1.5	kg	 for	MET	over	 the	entire	 study	period.	
Further	details	are	presented	in	Table	S2.
2.3 | Reproductive management and reproductive 
performance parameters
The	VWPAI	was	 set	 at	50	dpp.	All	 cows	not	bred	by	70	dpp	were	

















2.4 | Blood sampling, uterine health status and 
body condition
Health	data	in	the	early	post‐partum	period	were	collected	to	test	
effects	 on	 reproductive	 performance	 that	 might	 bias	 the	 effect	
of	RPM.	Blood	 samples	were	 taken	 from	each	 cow	 from	a	 coccy‐
geal	vessel	at	3,	5	and	8	dpp	with	vacuum	tubes	coated	with	a	clot	
activator	 for	 serum	 collection	 (Vacuette,	 9	 ml,	 Greiner	 Bio‐One	
GmbH)	and	analysed	with	an	electronic	hand‐held	device	(FreeStyle	


























Statistical	 analyses	 were	 performed	 with	 Excel	 2010	 (Microsoft	
Corp.)	 and	 SPSS	 software	 (version	 24.0,	 IBM	 SPSS	 Inc.).	 DFS	 and	
DOPN140	 were	 compared	 between	 CON	 and	 MET	 by	 Mann–
Whitney	U	test.	For	DOPN140	a	Cox	regression	model	and	Kaplan–
Meier	survival	analyses,	censored	for	not	pregnant	cows	or	removed	
from	 the	 study,	 were	 calculated.	 Proportions	 were	 compared	 by	
chi‐square	analysis.	FSCR	and	TCR	were	evaluated	with	a	binary	lo‐
gistic	regression	model,	including	group	(0:	CON;	1:	MET),	parity	(0:	






3.1 | Descriptive information about groups, health 
and milk yield
In	CON	and	MET,	51.3%	and	47.3%	were	 in	 the	2nd	 lactation	and	
48.1	and	52.7%	had	≥3rd	lactations,	respectively.	Cows	entered	the	
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study	pens	with	a	mean	of	11.6	±	5.1	dpp	in	CON	and	12.0	±	5.1	dpp	














3.2 | First service submission rate and days to 
first service









No	 significant	 difference	 was	 found	 for	 DFS	 between	 CON	
(73.0	±	12.4)	 and	MET	 (72.9	±	12.4).	 This	 comprised	566	 cows	 in	
CON	and	551	cows	in	MET.
3.3 | First service conception risk
No	significant	difference	in	FSCR	was	found	between	CON	(44.5%,	
n	 =	 470)	 and	MET	 (41.3%,	 n	 =	 446).	 In	 CON,	 significantly	 more	
healthy	cows	(48.7%)	became	pregnant	after	the	first	AI	compared	
to	 cows	with	 CE	 (43.3%).	 In	MET,	 cows	with	 E1	 (42.6%)	 showed	
a	 significantly	 greater	 FSCR	 compared	 to	 cows	 with	 E2	 (23.8%).	
Table	2	shows	further	details.	Results	of	binary	logistic	regression	
analyses	 revealed	metritis	 (hazard	 ration	HR	=	0.66;	CI95	 =	0.45–
0.95; p	=	.03)	as	significant	factor	for	non‐pregnancy	after	first	ser‐
vice	(Table	3).
3.4 | Second service conception risk
Days	to	second	service	were	96.3	±	13.3	and	96.4	±	13.5	for	CON	
and	MET,	respectively.	No	significant	difference	was	found	in	SSCR	



















censored	 for	 cows	 not	 pregnant	 and	 censored	 for	 study	 animals	
that	were	 removed	 from	 the	 study	 after	 FSCR.	Results	 from	Cox	
regression	analyses	showed	that	metritis	(HR	=	0.70;	CI95	=	0.54–
0.91; p	=	 .01)	and	CE	 (HR	=	0.74;	CI95	=	0.58–0.95;	p	=	 .02)	were	
significant	factors	affecting	DOPN140	(Table	4).	Figure	1	illustrates	











n n (%) n n (%)  
Healthy	at	5	dpp 494 77.3 494 79.7 >	.05
Clinical	metritis 107 16.7 85 13.7 >	.05
Puerperal	metritis 23 3.6 26 4.2 >	.05
Missing 15 2.3 15 2.4 >	.05
Healthy	at	
31	±	3	dpp
345 54.0 321 51.8 >	.05
Subclinical 
endometritis
93 14.6 119 19.2 .03
Clinical	endometritis 165 25.8 151 24.3 >	.05
E1‡ 109 17.0 92 14.8 >	.05
E2‡ 56 8.8 59 9.5 >	.05
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Status
CON† MET†
P‐value*n n (%) n n (%)
First	service	submission	rate
Overall 242/579 41.8 237/572 41.4 0.90
Healthy 153/314 48.7a 124/292 42.5a 0.12
Subclinical 
endometritis
37/88 42.0c 59/111 53.2b,c 0.12
Clinical	
endometritis
38/145 26.2b,d 45/143 31.5b,d 0.32
E1‡ 31/96 32.3e 31/87 35.6 0.63
E2‡ 7/49 14.3f 14/56 25.0 0.17
Missing 14/32 43.8 9/26 34.6  
First	service	conception	risk
Overall 209/470 44.5 184/446 41.3 0.33
Healthy 128/263 48.7a 95/227 41.9 0.13
Subclinical 
endometritis
33/74 44.6 41/91 45.1 0.95
Clinical	
endometritis
37/108 34.3b 39/110 35.5 0.85
E1 24/70 34.3 29/68 42.6a 0.31
E2 13/38 34.2 10/42 23.8b 0.31
Missing 11/25 44.0 9/18 50.0  
Second	service	conception	risk
Overall 54/123 43.9 52/113 46.0 0.74
Healthy 31/66 47.0 26/56 46.4 0.95
Subclinical 
endometritis
11/27 40.7 13/23 56.5 0.27
Clinical	
endometritis
9/25 36.0 9/25 36.0 1.00
E1 8/19 42.1 7/17 41.2 0.96
E2 1/6 16.7 2/8 25.0 0.71
Missing 3/5 60.0 4/9 44.4  
Total	conception	risk
Overall 270/608 44.4 243/577 42.1 0.43
Healthy 164/340 48.2a 126/291 43.3 0.22
Subclinical 
endometritis
45/103 43.7 55/117 47.0a 0.62
Clinical	
endometritis
47/134 35.1b 49/142 34.5b 0.92
E1 33/90 36.7 37/90 41.1c 0.54
E2 14/44 31.8 12/52 23.1d 0.34






TA B L E  2  Reproductive	performance	
parameters	for	cows	with	different	
uterine	health	status	in	CON	and	MET
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4  | DISCUSSION
We	 investigated	 the	 effect	 of	 supplementing	 RPM	 on	 reproduc‐
tive	 performance	 at	 the	 herd	 level.	 The	 effects	 of	 supplementing	
RPM	between	21	days	 before	 calving	 to	30	days	 after	 calving	on	
preimplantation	embryos	(Acosta	et	al.,	2016)	and	on	the	steroido‐
genic	 potential	 of	 the	 first	 post‐partum	 dominant	 follicle	 (Acosta	
et	al.,	2017)	have	been	investigated	in	the	past.	 Information	about	
the	 impact	of	RPM	on	 fertility	on	a	herd	 level,	however,	has	been	
published	to	a	lesser	extent.	A	recent	paper	from	Stella	et	al.	(2018)	
on	20	Holstein	cows	fed	RPM	from	21	days	prepartum	to	73	days	












vious	 studies	 reporting	 a	 negative	 impact	 of	 CE	 on	 reproductive	
















endometritis	 have	 their	 reproductive	 performance	 substantially	
impacted	(LeBlanc,	2008;	Plöntzke,	Madoz,	De	la	Sota,	Heuwieser,	
&	 Drillich,	 2011)	 and	 metritis,	 particularly	 puerperal	 metritis,	
TA B L E  3  Results	of	binary	logistic	regression	analyses	for	the	risk	of	conception	after	first	AI	(n	=	825)	and	more	AI	(n	=	1,064)
Factors§
FSCR† TCR‡
Hazard ratio 95% CI P‐value* Hazard ratio 95% CI P‐value*
Study	group 0.86 0.65–1.14 .29 0.90 0.70–1.15 .38
Parity 1.04 0.78–1.38 .81 0.97 0.76–1.25 .83
BHB‐level 0.73 0.48–1.12 .15 0.77 0.53–1.11 .16
Metritis 0.66 0.45–0.95 .03 0.69 0.50–0.96 .03
Subclinical 
endometritis
1.07 0.73–1.53 .77 1.01 0.74–1.40 .93
Clinical	endometritis¶ 0.76 0.52–1.09 .14 0.74 0.54–1.03 .07







TA B L E  4  Results	of	cox	regression	analysis	for	odds	of	
conception	until	day	140	of	lactation
 Conception†
Factors‡ Hazard Ratio 95% CI P‐value*
Study	group 0.90 0.75–1.08 .25
Parity 0.93 0.77–1.12 .44
BHB‐level 0.77 0.58–1.04 .09
























ences	 in	pregnancy	 losses	between	the	groups.	 It	has	 to	be	noted	
that	the	total	number	of	pregnancy	losses	in	our	study	was	low	and,	











































plementation	 of	 RPM	 pre‐calving	 could	 improve	 fertility.	 Another	
aspect	that	might	contribute	to	our	results	is	that	reproductive	per‐








of	 RPM	 incorporated	 into	 the	 TMR	 on	 reproductive	 performance	
with	a	large	number	of	animals.	Uterine	diseases	had	a	negative	im‐
pact	on	fertility.	Future	studies	should	consider	supplementing	RPM	








in	 Slovakia.	 Special	 thanks	 are	 extended	 to	David	Marar,	 Andreas	
Palluch	and	Patrick	Schmidseder	for	their	support	in	data	collection.
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